Background. Knee osteoarthritis (OA) and frailty are two conditions that are associated with functional limitation and disability in elders, yet their relation to one another is not known.
K NEE osteoarthritis (OA), the most common form of arthritis in older adults, is associated with significant lower extremity functional limitations and is one of the leading causes of disability in the United States and worldwide (1) (2) (3) . Functional limitation and disability are also strongly associated with another geriatric condition, frailty, which affects 4%-17% of older adults in the community (4, 5) . Knee OA and frailty also share some common risk factors, such as female sex and obesity (6, 7) . Despite these commonalities, the association between knee OA and frailty has not been evaluated previously. Frailty is a state of compromised physiologic reserve and heightened susceptibility to adverse outcomes such as falls, fractures, institutionalization, and even mortality (4) . Therefore, the presence of frailty in participants with knee OA would imply vulnerability to additional adverse consequences associated with frailty, beyond those that are associated with knee OA in isolation. As the prevalence of knee OA is rising, a parallel rise in these consequences would be expected for older adults, posing an additional public health burden. Further, identifying an association between knee OA and frailty would lead to mechanistic studies as part of a larger effort to understand factors related to development of frailty in chronic conditions. For example, knee OA is associated with decreased physical activity, which can lead to loss of muscle mass (due to disuse). This may contribute to the generalized loss of muscle mass in frailty.
In this study, we sought to evaluate the association between knee OA and frailty cross-sectionally and longitudinally in a large cohort of community-dwelling older adults.
Methods

Study Sample
Men and women ≥60 years were included from two large NIH-funded studies, designed to study risk factors for knee OA: Multicenter Osteoarthritis Study (MOST; N = 3,026) and Osteoarthritis Initiative (OAI; N = 4,796) (8) . Both MOST and OAI are multicenter, longitudinal, and observational cohorts that have similar study populations, with similar age ranges at the baseline visits (age 50-79 years in MOST; age 45-79 years in OAI), inclusion criteria and factors used to identify those at high risk for knee OA, as described elsewhere (8) . Both cohorts included comprehensive assessment of knee OA (using the same protocols with the same center reading the radiographs for both cohorts, and the same pain questionnaires), frailty measures and other pertinent potential confounders at each study visit, as explained in further detail below. The MOST study visits occurred at baseline, 30, 60, and 84 months; data up to the 60-month visit was used in these analyses to provide a comparable timeframe as that which was available in the OAI. The OAI had annual study visits; we used data up to the 48-month visit as those were publicly available at the time of these analyses.
Because weight-loss is a component of the frailty definition used (see as in what follows), we used the 30-month visit in MOST as the baseline study visit to enable determination of weight-loss between baseline and that first followup visit. Similarly, the baseline study visit for OAI was the 24-month visit to enable a similar timeframe over which weight-loss was determined in that cohort.
Exposure
Participants in both MOST and OAI have had bilateral weight-bearing, fixed-flexion posteroanterior knee x-rays at each study visit. We defined radiographic knee OA (ROA) as presence of Kellgren and Lawrence (KL) grade ≥2 in at least one knee, a standard, validated definition of knee OA (9) . The 30-month study visit in MOST and the 24-month visit in OAI were used to define the ROA status as that was the baseline for these analyses, as described earlier. To better understand whether burden of OA as reflected by symptoms and to test whether a "dose-response" relation of OA severity may be more likely associated with frailty, we also examined the following definitions of knee OA: (i) symptomatic knee OA (SOA), defined as ROA in at least one knee plus pain in the same knee; (ii) severity of ROA, based upon the highest KL grade of either knee, with those knees that had undergone knee replacement (KR) surgery being considered KL grade 4. However, because participants who have undergone KR surgery may have a different profile for physical activity and muscle strength than those with grade 4 OA, we excluded participants with KR in a sensitivity analysis; and (iii) number of knees with ROA, categorized as bilateral ROA, unilateral ROA, or no ROA in either knee.
Outcome
Frailty was defined using Study of Osteoporotic Fracture (SOF) (Ensrud's) index (5) as presence of ≥2 out of three of the following criteria: (i) weight loss >5% between baseline and the subsequent follow-up visit; (ii) inability to rise from chair five times without using support (hereafter referred to as difficulty with chair stands); and (iii) poor energy derived from the SF12 questionnaire response of "little at a time" or "none at a time" to the question "in the past 4 weeks, did you have a lot of energy?". Weight loss was defined using weight change between the baseline to the 30-month visit in MOST and the baseline to 24-month visit in OAI for the cross-sectional analyses. For the longitudinal analyses, weight change was ascertained between the 30-to 60-month visits in MOST and the 24-to 48-month visits in OAI. Difficulty with chair stands and poor energy from the 30-month visit in MOST and the 24-month visit in OAI were used for cross-sectional analyses; the respective 60-and 48-month visits were used for the longitudinal analyses. Although the outcome is prevalent frailty in the cross-sectional analyses, in the longitudinal analyses the outcome is incident (new-onset) frailty at follow up among those who did not have frailty at the study baseline.
Confounders
Selected based on literature review and biologic plausibility, potential confounders included age, sex, body mass index (BMI), education, physical activity (Physical Activity Scale for Elderly), comorbidities (Modified Charlson Comorbidity index) and smoking status (current/former, yes vs no).
Statistical Analyses
The cross-sectional associations of knee OA (four definitions analyzed separately) with prevalent frailty as well as each of the individual frailty components were performed using binomial regression with robust variance estimation to calculate prevalence ratios (PRs) in both cohorts combined. Given that women and obese individuals are at greater risk for both knee OA and frailty, interaction by sex and BMI with knee OA on its relation to frailty was also tested. For sensitivity analyses, the above associations were tested after excluding participants with KR. Additionally, the longitudinal association of all four definitions of knee OA with incident frailty at the subsequent follow-up visit was examined by calculating risk ratios (RRs). All analyses were adjusted for potential confounders and indicator variable for type of study (MOST vs OAI). All analyses were performed using SAS 9.3 (SAS Inc., Cary, NC). A twosided p value of <.05 was considered significant.
The Institutional Review Board at Boston University Medical Campus approved the study.
Results
In the combined MOST and OAI cohorts, we excluded 2,867 participants (1,032 MOST; 1,835 OAI) who were <60 years. There were 685 participants with missing frailty assessment at study baseline. Among 3,707 eligible participants for the cross-sectional analyses, in MOST and OAI combined (mean age 68 years, 61% women and mean BMI 29 kg/m 2 ), ROA and SOA was identified in 2,371 and 1,225 participants, respectively. Participants with ROA had higher mean BMI, were slightly less physically activity, and had more comorbidities compared with those without ROA. Participant characteristics by ROA status at study baseline are shown in Table 1 . Prevalent and incident frailty was identified in 141 and 116 participants, respectively. The frequency of the individual frailty components at baseline for this study is shown in Table 1 .
In the cross-sectional analyses, participants with ROA and SOA had 60% and two-fold higher prevalence of frailty, respectively, than their counterparts ( Table 2 ). The prevalence of frailty was also related to disease burden, such that it increased with increasing (ie, more severe) KL grades (p = .002 for linear trend), and was higher among participants with ROA in both knees compared with those without ROA in either knee (PR 2.02; 95% CI 1.33-3.08) ( Table 2) . Participants with ROA in one knee (vs none) did not have increased prevalence of frailty (PR 0.95; 95% CI 0.55-1.63). With respect to the relation of ROA to individual frailty components, presence of ROA was associated with increased prevalence of difficulty with chair stands (PR 2.10 [1.48-3.02]) and poor energy (PR 1.36 [1.10-1.67]), but not weight loss (PR 1.10 [0.93-1.33]). No interaction by sex (p = .56) or BMI (p = .64) with ROA on the prevalence of frailty was found. Sensitivity analyses excluding participants with KR did not substantially change the results (data not shown).
In the longitudinal analyses, components of the frailty definition were missing in 603 participants. Among the 2,980 participants eligible for the longitudinal analyses, incidence of frailty was 45% and 66% greater among those with ROA and SOA, respectively, compared with their counterparts (Table 2) , although the result for ROA did not reach statistical significance. Increasing magnitudes of effect for risk of frailty related to worsening KL grade was also noted, however, the results did not reach statistical significance. Similarly, a non-significant increased risk of frailty was noted with unilateral and bilateral ROA when compared with those without OA.
Discussion
In this study comprising data from two large well-characterized cohorts, knee OA was associated with greater prevalence and incidence of frailty in community-dwelling older adults, consistent with our hypothesis. Also, the burden of knee OA, both related to symptoms as well as severity and extent of the radiographic disease, had a greater relation to frailty prevalence.
To our knowledge, this is the first study to examine the relation between knee OA and frailty. One prior cross-sectional study that included only those with knee or hip OA (ie, lacking participants without OA) found a high prevalence of frailty (22.4%) and prefrailty (48.3%) among communitydwelling older adults, which is in-line with our results (10) . However, without a comparison group (no OA group), conclusions regarding the relation of frailty to OA would be difficult. Another recent study performed in a cohort of older men noted that hip OA was associated with frailty, complementing our study's findings in knee OA (11) .
Although an association between knee OA and frailty is perhaps not surprising, the underlying mechanisms are not understood. Identifying potential mechanisms through which knee OA and frailty are associated would provide novel targets for management and prevention of frailty in older adults. To that end, two potential mechanisms are of interest. First, because knee pain and quadriceps muscle weakness related to knee OA can lead to decreased physical activity (12) , which may subsequently contribute to loss of muscle mass (as a result of disuse) and frailty, physical activity needs to be examined as a mediator between knee OA and frailty. Another potential mechanism is through synergism between knee OA and systemic inflammation. Systemic inflammation has consistently been associated with frailty (13, 14) , but not with knee OA (15, 16) . Interestingly, the two major risk factors for knee OA are considered to be pro-inflammatory states: aging, due to cell senescence and release of proinflammatory cytokines, and obesity, due to release of proinflamamtory cytokines from adipose tissue (17, 18) . It is conceivable that systemic inflammation is present in knee OA only intermittently and, when present, may act in conjunction with knee OA in the development of frailty. The frailty definition used in this study also deserves discussion because several definitions exist in the literature (4, 5, 19) . In epidemiologic studies, the frailty phenotype has been described using the Cardiovascular Health Study index, which defines frailty by the presence of three out of five of the following criteria (4): (i) unintentional weight loss ≥10% per year, (ii) general feeling of exhaustion, (iii) weak grip strength, (iv) slow gait speed, and (v) low physical activity. However, use of the Cardiovascular Health Study index has limited utility in clinical practice given the practical issues related to assessing these criteria in a clinic visit (eg, grip strength, timed walk, and physical activity). The definition of frailty from the SOF was developed based on a similar construct (5) . The SOF index is considered to be more practical for use clinically and in large cohort studies. It predicts adverse outcomes such as falls, hospitalization, disability, and mortality, and has equivalent predictive ability to the Cardiovascular Health Study index (20) . We therefore chose to use the SOF index given its demonstrated validity and feasibility of data acquisition from these two large cohorts. The inclusion of repeat chair stands in the SOF frailty definition as a measure of muscle weakness in knee OA also merits comment. It could be argued that local symptoms related to knee OA (eg, pain or instability) may affect ability to perform chair stands. The best approach to addressing this concern is by using an alternate definition of frailty which does not include repeat chair stands as one of the functional measures to validate our results, which is beyond the scope of this article. However, although pain and instability can be associated with functional limitation in knee OA, pain is not necessarily well-correlated with function in knee OA (21, 22) , just as pain and radiographic severity are not well-correlated in knee OA. Further, only half of our ROA participants had SOA, and only a minority reported instability. In addition, because muscle weakness, particularly quadriceps weakness, is common in knee OA, it is likely that performance in repeat chair stands also reflects lower extremity weakness, the intended domain being measured in the SOF index. Pain and instability themselves can also lead to decreased physical activity and therefore generalized loss of muscle mass and thus contribute to development of frailty. Of note, in an article by Wise and colleagues (11) , an increased prevalence and risk of frailty was noted among participants with hip OA using the Cardiovascular Health Study definition of frailty. Because hip OA and knee OA share many of the same symptoms, the results from Wise and colleagues provide complementary support for frailty being present in lower extremity OA using two different frailty definitions. Thus, we believe that, as intended in the original SOF article, performance on the repeat chair stands can reasonably represent muscle weakness in this clinical population as well. Because not all individuals with knee OA have functional limitations, such difficulties may be an indication of increased propensity to adverse consequences such as frailty.
We acknowledge that our study has limitations. Despite studying two large cohorts of older adults with/at risk for knee OA, we were still limited by power, in particular for the longitudinal evaluation due to the low incidence of frailty. Although baseline samples of the combined cohorts of MOST (n = 3,026) and OAI (n = 4,796) was 7,822, the sample analyzed for this study was reduced markedly by limiting the study to participants ≥60 years, the age group at risk for frailty. The timeframe over which weight loss was assessed was not identical in the two cohorts, but we chose study visits to enable relatively comparable timeframes. Given the observational nature of the study, despite adjusting for plausible potential confounders, residual confounding is still possible.
Our study also has several strengths. First, the assessment of knee OA was comprehensive. It is reassuring that the findings were similar across the different characterizations of knee OA, enabling insights regarding both structural and symptomatic disease, as well as in the cross-sectional and longitudinal analyses. Second, we used a validated assessment of frailty that can be feasibly applied in clinical practice to identify frailty in patients with knee OA, which would indicate that they may be at increased risk for adverse outcomes. Third, the use of data from two cohorts that had acquired radiographs, symptoms, and frailty components in a comparable and standardized manner enabled inclusion of a large number of study participants to comprehensively examine these associations that would not otherwise have been possible. The study participants included both older men and older women from different geographic regions of the United States, aiding this study's generalizability.
In summary, our study findings demonstrate an association between two common geriatric conditions that carry substantial risk for adverse outcomes and are costly. Elucidation of mechanisms underlying this association may enable the development and testing of novel prevention and treatment strategies.
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